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(57) Abstract: A decontaminating system (100) comprising a decontaminant reservoir (152), a transport fluid source (160) and a 
mist generating apparatus (10). The mist generating apparatus (10) has a longitudinal axis and comprises a first fluid passage (38) 
having a first fluid inlet (18) in fluid communication with the decontaminant reservoir (152) and a first fluid outlet (84), and a second 
fluid passage (90) having a second fluid inlet (20) in fluid communication with the transport fluid source (160) and a second fluid 
outlet (94). The first passage (38) surrounds the second fluid passage (90) and the first and second outlets (84, 94) are oriented relative 
to one another such that they have an angle of incidence between (5) and (30) degrees. The second fluid passage (90) includesa throat 
portion (92) located between the second fluid inlet (20) and the second fluid outlet (94), the throat portion (92) having a smaller cross 
sectional area than that of either the second fluid inlet (20) or second fluid outlet (94). 
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Improvements in or relating to Decontamination 

The present invention is concerned with decontamination. More 
5 specifically, the present invention is directed towards a method and 
system for generating a decontaminating mist. 

WO01/76764 shows a mist generating apparatus which uses two fluids, 
primarily for use in fire suppression. In WO'764 a spray of first fluid 

10 droplets is created by forcing the first fluid through a number of aerosol 
nozzles in a conventional manner. The droplets are then carried by a 
stream of a second fluid through a convergent-divergent nozzle which 
sprays the combined stream of first fluid droplets and second fluid from the 
apparatus. The purpose of WO '764 is to reduce the pressure required to 

15 create the aerosol spray of the first fluid by using the second stream of 
fluid to carry the first fluid droplets out of the apparatus. The second 
stream also reduces frictional forces which can, in some cases, cause the 
first fluid droplets forming the aerosol spray to evaporate. 

20 WO '764 does not use the second fluid in order to create the first fluid 

droplet regime. Instead, the droplets are created via an array of aerosol 
nozzles which create the droplets in a conventional manner. The stream 
of second fluid then carries the droplets through the spray nozzle without 
any atomisation mechanism being applied to the first fluid by the second 

25 fluid. Thus, WO' 764 still requires the first fluid to be supplied at relatively 
high pressure in order to create the aerosol droplets. 

It is an aim of the present invention to obviate or mitigate one or more of 
the aforementioned disadvantages. 



30 
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According to a first aspect of the present invention, there is provided a 
decontaminating system comprising: 

a decontaminant reservoir; 

a transport fluid source; and 
5 a mist generating apparatus having a longitudinal axis, the 

apparatus comprising: 

a first fluid passage having a first fluid inlet in fluid communication 
with the decontaminant reservoir and a first fluid outlet; 

a second fluid passage having a second fluid inlet in fluid 
10 communication with the transport fluid source and a second fluid outlet, 

wherein the first fluid passage surrounds the second fluid passage, 
and the first and second outlets are oriented relative to one another such 
that they have an angle of incidence between 5 and 30 degrees; and 

the second fluid passage includes a throat portion located between 
15 the second fluid inlet and the second fluid outlet, the throat portion having 
a smaller cross sectional area than that of either the second fluid inlet or 
second fluid outlet. 

Preferably, the area ratio between the throat portion and the second fluid 
20 outlet is between 2:3 and 1 :4. 

Preferably, the first and second passages are coaxial with the longitudinal 
axis of the apparatus. 

25 Preferably, the second fluid outlet has a cross sectional area which is 
between 1 .4 and 5.5 times larger than the cross sectional area of the 
throat portion. 

Preferably, the first fluid passage has a cross sectional area which 
30 converges between the first fluid inlet and the first fluid outlet. 
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Preferably, the first fluid passage includes an intermediate portion located 
between the first fluid inlet and the first fluid outlet, the intermediate portion 
having a cross sectional area which is larger than that of either the first 
5 fluid inlet or the first fluid outlet. 

Preferably, the mist generating apparatus is configured to accelerate the 
flow of transport fluid through the second fluid passage. More preferably, 
the second fluid passage includes a converging-diverging portion and the 
10 flow of transport fluid is accelerated through the converging-diverging 
portion. 

Preferably, the mist generating apparatus is configured such that the 
decontaminant fluid and transport fluid are ejected from their respective 
15 outlets such that a stream of accelerated transport fluid issuing from the 
second fluid outlet imparts a shear force on a stream of decontaminant 
fluid issuing from the first fluid outlet, thereby at least partially atomising 
the decontaminant fluid to form a dispersed droplet flow regime. 

20 Preferably, the mist generating apparatus is configured such that a 

turbulent region of the transport fluid is created downstream of the outlets 
and the dispersed droplet flow regime is passed through the turbulent 
region to further atomise the dispersed droplet flow regime. 

25 The cross sectional area of the throat portion may be between 20 and 
35mm 2 . The equivalent angle of expansion of the second fluid passage 
between the throat and the second fluid outlet may be between 5 and 10 
degrees. The cross sectional area of the second fluid outlet may be 
between 4 and 7 times larger than the cross sectional area of the first fluid 

30 outlet. 
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Preferably, the mist generating apparatus further comprises a first fluid 
supply channel having a first end adapted to be connected to the 
decontaminant reservoir and a second end connected to the first fluid inlet, 
5 and a second fluid supply channel having a first end adapted to be 

connected to the transport fluid source and a second end connected to the 
second fluid inlet, wherein the first and second supply channels are 
substantially parallel to the longitudinal axis of the apparatus. 

10 Preferably, the mist generating apparatus is configured such that the 

momentum flux ratio between the decontaminant fluid and transport fluid 
may be controlled by varying the density and/or velocity of the 
decontaminant fluid and/or transport fluid. 

15 Preferably, the mist generating apparatus is configured such that the cross 
sectional area of the first fluid outlet is adjustable such that the exit velocity 
of the decontaminant fluid stream may be varied. 

Preferably, the mist generating apparatus is configured such that the at 
20 least partial atomisation of the decontaminant fluid takes place at least 
partially within the mist generating apparatus. 

Preferably, the first and second outlets may be located adjacent one 
another. 

25 

Preferably, the mist generating apparatus comprises a base member that 
contains the first and second supply channels. 

The mist generating apparatus may further comprise a funnel member and 
30 an elongate plug member, wherein the funnel member has a bore and is 
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adapted to coaxially locate upon the base such that the bore 
communicates with the second fluid supply channel, and wherein the plug 
member is adapted to be attached to the base member such that a portion 
of the plug lies within the bore and the second fluid passage is defined 
5 between the funnel and the plug. 

The mist generating apparatus may further comprise a cover member 
which encloses the base member, the funnel member and the plug 
member such that the first fluid passage is defined between an outer 
1 0 surface of the funnel and an inner surface of the cover member. The 
cover may have a first end adapted to coaxially locate upon the base 
member and be attached thereto, and a second end having an outlet 
adapted to communicate with the first and second fluid outlets. 

15 The second end of the cover may include an axially projecting lip portion, 
the lip portion defining an aperture in communication with the first and 
second fluid outlets. 

The plug member may have a first end which attaches to the base 
20 member and a second end which defines the second fluid passage, 
wherein the second end is concave. 

The funnel member may include a radially projecting flange portion, 
wherein the flange portion is sandwiched between the base member and 
25 the cover member to maintain the axial position of the funnel member 
relative to the base member. 

The cover member may be threaded onto the base such that the axial 
position of the cover member may be adjusted relative to the base. 
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The plug member may be threaded onto the base such that the axial 
position of the plug member may be adjusted relative to the base and the 
funnel. 

5 Preferably, the system further comprises a plurality of mist generating 
apparatuses. The plurality of mist generating apparatuses may be 
connected in series and/or in parallel to form an array. 

Preferably, the decontaminant reservoir includes an outlet controlled by an 
10 outlet valve. 

The system may further comprise first pressurising means for pressurising 
the decontaminant fluid in the decontaminant reservoir. Alternatively, the 
decontaminant fluid may be stored under pressure in the decontaminant 
15 reservoir. 

The system may further comprise a pump or compressor for transporting 
the decontaminant fluid from the decontaminant reservoir to the mist 
generating apparatus. The pump or compressor may be controlled by a 
20 programmable system controller. The compressor may draw air from the 
atmosphere. 

The system may further comprise pressure regulation means for regulating 
the pressure of the decontaminant fluid in the decontaminant reservoir. 

25 

The system may further comprise flow rate regulation means for regulating 
the flow rate of the decontaminant fluid between the decontaminant 
reservoir and the mist generating apparatus. 
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Preferably, the transport fluid source may include an outlet controlled by 
an outlet valve. 

Preferably, the system may further comprise second pressurising means 
5 for pressurising the transport fluid in the transport fluid source. 

Alternatively, the transport fluid may be stored under pressure in the 
transport fluid source. 

The system may further comprise a pump, or compressor, for pumping the 
10 transport fluid from the transport fluid source to the mist generating 
apparatus. The pump, or compressor, may be controlled by a 
programmable system controller. 

The system may further comprise pressure regulation means for regulating 
15 the pressure of the transport fluid in the transport fluid source. 

The system may further comprise flow rate regulation means for regulating 
the flow rate of the transport fluid between the transport fluid source and 
the mist generating apparatus. 

20 

The system may further comprise remote operating means such that the 
mist generating apparatus, or apparatuses, may be operated and 
controlled remotely. 

25 The system may further comprise one or more sensors which are capable 
of sensing one or more decontaminants. 

The system may further comprise a power supply. 
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Preferably, the system is portable. More preferably, the system is 
mounted on a portable frame. The portable frame may include ground 
engaging wheel means. The portable frame may include vehicle engaging 
means such that the system may be towed by a vehicle. The ground 
5 engaging wheel means may be operable remotely. 

According to a second aspect of the present invention, there is provided a 
decontaminating system comprising: 

a decontaminant reservoir; 
10 a transport fluid source; and 

a mist generating apparatus having a longitudinal axis, the 
apparatus comprising: 

a first fluid passage having a first fluid inlet in fluid communication 
with the decontaminant reservoir and a first fluid outlet; 
15 a second fluid passage having a second fluid inlet in fluid 

communication with the transport fluid source and a second fluid outlet, 

wherein the first fluid passage surrounds the second fluid passage, 
and the first and second outlets are oriented relative to one another such 
that they have an angle of incidence of less than 90 degrees; and 
20 the second fluid passage includes a throat portion located between 

the second fluid inlet and the second fluid outlet, the throat portion having 
a smaller cross sectional area than that of either the second fluid inlet or 
second fluid outlet such that area ratio between the throat portion and the 
second fluid outlet is between 2:3 and 1 :4 

25 

Preferably, the first and second passages are coaxial with the longitudinal 
axis of the apparatus. 
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Preferably, the second fluid outlet has a cross sectional area which is 
between 1 .4 and 5.5 times larger than the cross sectional area of the 
throat portion. 

5 Preferably, the first fluid passage has a cross sectional area which 
converges between the first fluid inlet and the first fluid outlet. 

Preferably, the first fluid passage includes an intermediate portion located 
between the first fluid inlet and the first fluid outlet, the intermediate portion 
1 0 having a cross sectional area which is larger than that of either the first 
fluid inlet or the first fluid outlet. 

Preferably, the mist generating apparatus is configured to accelerate the 
flow of transport fluid through the second fluid passage. More preferably, 
15 the second fluid passage includes a converging-diverging portion and the 
flow of transport fluid is accelerated through the converging-diverging 
portion. 

Preferably, the mist generating apparatus is configured such that the 
20 decontaminant fluid and transport fluid are ejected from their respective 
outlets such that a stream of accelerated transport fluid issuing from the 
second fluid outlet imparts a shear force on a stream of decontaminant 
fluid issuing from the first fluid outlet, thereby at least partially atomising 
the decontaminant fluid to form a dispersed droplet flow regime. 

25 

Preferably, the mist generating apparatus is configured such that a 
turbulent region of the transport fluid is created downstream of the outlets 
and the dispersed droplet flow regime is passed through the turbulent 
region to further atomise the dispersed droplet flow regime. 
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The cross sectional area of the throat portion may be between 20 and 
35mm 2 . The equivalent angle of expansion of the second fluid passage 
between the throat and the second fluid outlet may be between 5 and 10 
degrees. The cross sectional area of the second fluid outlet may be 
5 between 4 and 7 times larger than the cross sectional area of the first fluid 
outlet. 

Preferably, the mist generating apparatus further comprises a first fluid 
supply channel having a first end adapted to be connected to the 
10 decontaminant reservoir and a second end connected to the first fluid inlet, 
and a second fluid supply channel having a first end adapted to be 
connected to the transport fluid source and a second end connected to the 
second fluid inlet, wherein the first and second supply channels are 
substantially parallel to the longitudinal axis of the apparatus. 

15 

Preferably, the mist generating apparatus is configured such that the 
momentum flux ratio between the decontaminant fluid and transport fluid 
may be controlled by varying the density and/or velocity of the 
decontaminant fluid and/or transport fluid. 

20 

Preferably, the mist generating apparatus is configured such that the cross 
sectional area of the first fluid outlet is adjustable such that the exit velocity 
of the decontaminant fluid stream may be varied. 

25 Preferably, the mist generating apparatus is configured such that the at 
least partial atomisation of the decontaminant fluid takes place at least 
partially within the mist generating apparatus. 

Preferably, the first and second outlets may be located adjacent one 
30 another. 
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Preferably, the mist generating apparatus comprises a base member that 
contains the first and second supply channels. 

5 The mist generating apparatus may further comprise a funnel member and 
an elongate plug member, wherein the funnel member has a bore and is 
adapted to coaxially locate upon the base such that the bore 
communicates with the second fluid supply channel, and wherein the plug 
member is adapted to be attached to the base member such that a portion 
10 of the plug lies within the bore and the second fluid passage is defined 
between the funnel and the plug. 

The mist generating apparatus may further comprise a cover member 
which encloses the base member, the funnel member and the plug 
15 member such that the first fluid passage is defined between an outer 
surface of the funnel and an inner surface of the cover member. The 
cover may have a first end adapted to coaxially locate upon the base 
member and be attached thereto, and a second end having an outlet 
adapted to communicate with the first and second fluid outlets. 

20 

The second end of the cover may include an axially projecting lip portion, 
the lip portion defining an aperture in communication with the first and 
second fluid outlets. 

25 The plug member may have a first end which attaches to the base 
member and a second end which defines the second fluid passage, 
wherein the second end is concave. 

The funnel member may include a radially projecting flange portion, 
30 wherein the flange portion is sandwiched between the base member and 
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the cover member to maintain the axial position of the funnel member 
relative to the base member. 

The cover member may be threaded onto the base such that the axial 
5 position of the cover member may be adjusted relative to the base. 

The plug member may be threaded onto the base such that the axial 
position of the plug member may be adjusted relative to the base and the 
funnel. 

10 

Preferably, the system further comprises a plurality of mist generating 
apparatuses. The plurality of mist generating apparatuses may be 
connected in series and/or in parallel to form an array. 

15 Preferably, the decontaminant reservoir includes an outlet controlled by an 
outlet valve. 

The system may further comprise first pressurising means for pressurising 
the decontaminant fluid in the decontaminant reservoir. Alternatively, the 
20 decontaminant fluid may be stored under pressure in the decontaminant 
reservoir. 

The system may further comprise a pump or compressor for transporting 
the decontaminant fluid from the decontaminant reservoir to the mist 
25 generating apparatus. The pump or compressor may be controlled by a 
programmable system controller. The compressor may draw air from the 
atmosphere. 

The system may further comprise pressure regulation means for regulating 
30 the pressure of the decontaminant fluid in the decontaminant reservoir. 



WO 2009/060242 



PCT/GB2008/051042 



13 



The system may further comprise flow rate regulation means for regulating 
the flow rate of the decontaminant fluid between the decontaminant 
reservoir and the mist generating apparatus. 

5 

Preferably, the transport fluid source may include an outlet controlled by 
an outlet valve. 

Preferably, the system may further comprise second pressurising means 
10 for pressurising the transport fluid in the transport fluid source. 

Alternatively, the transport fluid may be stored under pressure in the 
transport fluid source. 

The system may further comprise a pump, or compressor, for pumping the 
15 transport fluid from the transport fluid source to the mist generating 
apparatus. The pump, or compressor, may be controlled by a 
programmable system controller. 

The system may further comprise pressure regulation means for regulating 
20 the pressure of the transport fluid in the transport fluid source. 

The system may further comprise flow rate regulation means for regulating 
the flow rate of the transport fluid between the transport fluid source and 
the mist generating apparatus. 

25 

The system may further comprise remote operating means such that the 
mist generating apparatus, or apparatuses, may be operated and 
controlled remotely. 
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The system may further comprise one or more sensors which are capable 
of sensing one or more decontaminants. 

The system may further comprise a power supply. 

5 

Preferably, the system is portable. More preferably, the system is 
mounted on a portable frame. The portable frame may include ground 
engaging wheel means. The portable frame may include vehicle engaging 
means such that the system may be towed by a vehicle. The ground 
10 engaging wheel means may be operable remotely. 

According to a third aspect of the present invention, there is provided a 
method of generating a decontaminating mist, the method comprising: 

passing a decontaminant fluid through a first fluid passage of a mist 
15 generating apparatus, wherein the first fluid passage has a first fluid outlet; 

passing a transport fluid through a second fluid passage of the mist 
generating apparatus, wherein the second fluid passage has a second 
fluid outlet and a throat portion, the throat portion having a smaller cross 
sectional area than the second fluid outlet, wherein the first and second 
20 outlets are oriented relative to one another such that they have an angle of 
incidence between 5 and 30 degrees; 

accelerating the flow of transport fluid through the throat portion of 
the second fluid passage; and 

ejecting the decontaminant and transport fluids from their 
25 respective outlets such that a stream of accelerated transport fluid issuing 
from the second fluid outlet imparts a shear force on a stream of 
decontaminant fluid issuing from the first fluid outlet, thereby at least 
partially atomising the decontaminant fluid to create a dispersed droplet 
flow regime. 

30 
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Preferably, the method comprises the further step of creating a turbulent 
region in the transport fluid downstream of the outlets; and passing the 
dispersed droplet flow regime through the turbulent region, thereby further 
atomising the dispersed droplet flow regime. 

5 

Preferably, the method comprises the further step of controlling the 
momentum flux ratio between the decontaminant fluid and the transport 
fluid by varying the velocity and/or density of the decontaminant fluid and 
the transport fluid. 

10 

Preferably, the method comprises the further step of adjusting the cross 
sectional area of the first fluid outlet in order to vary the exit velocity of the 
decontaminant fluid stream. 

15 Preferably, the exit velocity is supersonic. 

Preferably, the second fluid outlet has a cross sectional area which is 
between 1 .4 and 5.5 times larger than the cross sectional area of the 
throat portion. 

20 

Preferably, the transport fluid may be compressible. The transport fluid 
may be a gas. The gas may be air, Nitrogen or Helium, alternatively, 
carbon dioxide or steam. 

25 The at least partial atomisation of the decontaminant fluid may take place 
at least partially within the mist generating apparatus. 

According to a fourth aspect of the present invention, there is provided a 
method of generating a decontaminating mist, the method comprising: 
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passing a decontaminant fluid through a first fluid passage of a mist 
generating apparatus, wherein the first fluid passage has a first fluid outlet; 

passing a transport fluid through a second fluid passage of the mist 
generating apparatus, wherein the second fluid passage has a second 
5 fluid outlet and a throat portion, the throat portion having a smaller cross 

sectional area than the second fluid outlet such that the area ratio between 
the throat portion and the second fluid outlet is between 2:3 and 1 :4, 
wherein the first and second fluid outlets are oriented relative to one 
another such that they have an angle of incidence of less than 90 degrees; 
10 accelerating the flow of transport fluid through the throat portion of 

the second fluid passage; and 

ejecting the decontaminant and transport fluids from their 
respective outlets such that a stream of accelerated transport fluid issuing 
from the second fluid outlet imparts a shear force on a stream of 
15 decontaminant fluid issuing from the first fluid outlet, thereby at least 

partially atomising the decontaminant fluid to create a dispersed droplet 
flow regime. 

Preferably, the method comprises the further step of creating a turbulent 
20 region in the transport fluid downstream of the outlets; and passing the 

dispersed droplet flow regime through the turbulent region, thereby further 
atomising the dispersed droplet flow regime. 

Preferably, the method comprises the further step of controlling the 
25 momentum flux ratio between the decontaminant fluid and the transport 
fluid by varying the velocity and/or density of the decontaminant fluid and 
the transport fluid. 
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Preferably, the method comprises the further step of adjusting the cross 
sectional area of the first fluid outlet in order to vary the exit velocity of the 
decontaminant fluid stream. 

5 Preferably, the exit velocity is supersonic. 

Preferably, the second fluid outlet has a cross sectional area which is 
between 1 .4 and 5.5 times larger than the cross sectional area of the 
throat portion. 

10 

Preferably, the transport fluid may be compressible. The transport fluid 
may be a gas. The gas may be air, Nitrogen or Helium, alternatively, 
carbon dioxide or steam. 

15 The at least partial atomisation of the decontaminant fluid may take place 
at least partially within the mist generating apparatus. 

According to a fifth aspect of the present invention, there is provided a 
method for decontaminating an enclosed space including the method 
20 according to the third or fourth aspect of the invention. 

According to a sixth aspect of the present invention, there is provided a 
system for decontaminating an enclosed space, wherein the system 
includes the decontaminating system according to the first or second 
25 aspect of the invention . 

According to a seventh aspect of the present invention, there is provided a 
decontamination room or enclosure including a decontaminating system 
according to the first or second aspect of the invention. 
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A preferred embodiment of the invention will now be described, by way of 
example only, with reference to the accompanying drawings, in which:- 

Figure 1 shows a longitudinal section view through a base of a mist- 
5 generating apparatus; 

Figure 2 shows a longitudinal section view through a funnel of a mist- 
generating apparatus; 

10 Figure 3 shows a longitudinal section view through a plug of a mist- 
generating apparatus; 

Figure 4 shows a longitudinal section view through a cover of a mist- 
generating apparatus; 

15 

Figure 5 shows a longitudinal section view through a mist-generating 
apparatus formed when the components of Figures 1-4 are assembled; 

Figure 6 is an end view of the apparatus shown in Figure 5; 

20 

Figure 7 is a detail view of the area marked "VII" in Figure 5; 

Figure 8a is a schematic sectional view of the operation of the apparatus 
shown in Figure 5; 

25 

Figure 8b is a schematic view of the geometry of the second fluid passage 
of the apparatus shown in Figure 5; 

Figure 9 is a longitudinal section view of an alternative embodiment of the 
30 mist-generating apparatus; 
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Figure 10 is a detail view of the area marked "X" in Figure 9; 

Figure 1 1 is a cross-sectional view of a fluid passage in the mist- 
5 generating apparatus of Figure 5; 

Figure 1 1 A is a detailed view of the fluid passage of Figure 5; and 

Figure 12 is a schematic view of a decontaminating system. 

10 

Figure 1 is a longitudinal section view through a mist generating apparatus 
10 used in accordance with the present invention. The apparatus 10 has 
a generally circular base 12, a rear face 14, a front face 16 and first and 
second fluid inlet passages 18, 20 adapted to receive the decontaminating 

15 fluid and transport fluid from their respective sources (not shown). Each 
of the fluid inlet passages 18, 20 are substantially parallel with the 
longitudinal axis L of the apparatus. Each fluid inlet passage 18, 20 has 
an internal thread adapted to receive the external thread of respective fluid 
supply channels (not shown). Extending longitudinally through the centre 

20 of the base 12 is a bore 17. The bore 17 has a generally triangular- 
shaped recess 19 opening on the rear face 14 of the base 12. The base 
12 includes a radially extending flange portion 15 and an axially projecting 
annular projection 22 which projects forwards from the front face 16. A 
plurality of circumferentially spaced apertures 21 extend longitudinally 

25 through the flange portion 15. The annular projection 22 has an inner 
surface 24 and an outer surface 26. The outer surface 26 contains a 
groove 27 in which an O-ring seal 28 is located. 

Figure 2 shows a projecting member, funnel, 30 which also forms part of 
30 the mist generating apparatus 10. The funnel 30 is preferably formed as a 
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single piece and comprises a radially extending flange portion 32 and an 
axially projecting body portion 34. The body portion 34 has an outer 
surface 37. An annular lip portion 31 extends rearwards from the flange 
portion 32 and defines an outer surface 33. The outer surface 33 contains 
5 a groove 35 in which an O-ring seal 36 is located. The flange portion 32 is 
annular and extends around the entire circumference of the projecting 
member 30. Defined within the flange portion 32 are a first fluid passage 
38 and an inspection port 39. 

10 The funnel 30 has a first end 41 and a second end 42 and a bore 46 

extending longitudinally through the funnel 30 from the first end 41 to the 
second end 42. The bore 46 has an inlet 47 at the first end 41 , an outlet 
48 at the second end 42, and a throat portion 49 intermediate the inlet 47 
and outlet 48. The bore 46 may have an axial length of between 52mm 

15 and 55mm. At the inlet 47 the bore 46 has a diameter D1 which may be 
between 53mm and 59mm. At the throat portion 49 the diameter of the 
bore 46 is D2 which may be between 7.5mm and 13mm, and at the outlet 
48 the diameter of the bore is D3 which may be between 30mm and 
34mm. The diameter D1 at the inlet 47 is greater than the diameter D2 or 

20 D3, whilst the diameter D2 at the throat portion 49 is less than the 

diameters D1 and D3. As a result, the bore 46 narrows from its widest 
point at the inlet 47 to a narrow diameter at the throat portion 49 before 
widening again until it reaches the outlet 48. 

25 Figure 3 shows a plug 50 forming a further part of the mist generating 
apparatus 10. The plug 50 is an elongate member having a first end 51 
and a second end 52. The plug 50 has a first generally cylindrical portion 
53 and a second conical portion 55 extending from, and preferably 
integrally formed with, the cylindrical portion 53. Part of the cylindrical 

30 portion 53 adjacent the first end 51 is provided with an external thread 54. 
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The conical portion 55 is in the shape of an inverted cone, with the 
narrowest point of the cone adjacent the cylindrical portion 53 and the 
widest point of the cone at the second end 52 of the plug 50. The conical 
portion 55 has a smallest diameter D4 adjacent the cylindrical portion 53 
5 and a largest diameter D5 at the second end 52 of the plug 50. The 

cylindrical portion 53 has first and second grooves 56, 58 longitudinally 
spaced from one another and extending around the circumference of the 
cylindrical portion 53. The first groove 56 is a thread relief groove co- 
operating with the external thread 54. Also formed part way along the 
10 cylindrical portion 53 is a radially projecting lip 60, which defines an 

abutment surface 62 facing towards the first end 51 of the plug 50. The 
second groove 58 holds an O-ring seal 57. A further groove 59 is 
provided in the cylindrical portion 53 of the plug 50 adjacent the first end 
51. 

15 

The second end 52 of the plug 50, which is also the widest part of the 
conical portion 55, has an end face which is concave. Thus, a dish- 
shaped cavity 64 is formed in the second end face of the plug 50. The 
end face of the second end 52 also includes a pair of locating holes 61 . 

20 

Figure 4 shows a cover 70 forming part of the mist generating apparatus 
10. The cover 70 is generally dome-shaped, having a first end 72 of larger 
diameter than a second end 74. Projecting axially from the second end 74 
of the cover 70 is an annular lip 76. The lip 76 has an internal surface 78 

25 which defines a bore of substantially constant diameter. In other words, 

the lip 76 has internal walls which are substantially parallel when viewed in 
vertical cross-section, such as here in Figure 4. The cover 70 has a first 
section adjacent the first end 72 which has a first inner surface 73 of 
substantially constant diameter. Located in the first end 72 of the cover 70 

30 at circumferentially spaced intervals are a plurality of axially extending 
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threaded holes 88. A second section of the cover 70 extending between 
the first section and the lip 76 has a second inner surface 75. The portion 
of the second section adjoining the first section has a smaller diameter 
than that of the first section, such that a rearward facing abutment 71 is 
5 defined between the first and second sections of the cover 70. The 

diameter of the second section reduces in the direction of the second end 
74. In other words, the second inner surface 75 tapers inwardly from the 
abutment 71 until it reaches the internal surface 78 of the lip 76. Thus, the 
second inner surface 75 has a smooth inwardly curving profile as it 
10 progresses towards the second end 74, with no steps or angles present on 
the inner surface 75. 

The manner in which the mist-generating apparatus 10 is assembled will 
now be described. Firstly, each of the components detailed above are 

15 formed from a suitable material, which is preferably stainless steel. In the 
first step of assembling the apparatus 10, the funnel 30 is axially inserted 
onto the base 12 so that the base 12 and funnel 30 are concentric about 
the longitudinal axis L, with the outer surface 33 of the funnel lip 31 being 
guided by the inner surface 24 of the annular projection 22, until the rear 

20 face of the flange portion 32 abuts the surface of the annular projection 22. 
The O-ring seal 36 located in the groove 35 on the outer surface 33 
ensures a sealing fit between the two components. When the base 12 
and funnel 30 are correctly positioned, the first fluid inlet passage 18 of the 
base 12 and first fluid passage 38 of the funnel are aligned and capable of 

25 fluid communication with one another. Furthermore, the inlet 47 of the 
funnel bore 46 and the second fluid inlet passage 20 of the base 12 are 
now in fluid communication with one another as well. Once the base 12 
and funnel 30 have been correctly oriented with respect to one another, a 
temporary locking ring (not shown) is secured over the flange portion 32 of 

30 the funnel 30 such that the base 12 and funnel 30 are locked together. 
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Once the base 12 and funnel 30 are temporarily locked together, the plug 

50 can be introduced, firstly via the bore 46 of the funnel 30 and then the 
bore 17 of the base 12. As best seen in Figure 6, a locking nut 102 is 

5 inserted into the recess 19. As the plug 50 is inserted through the bores 
46, 17 it is rotated by a suitable tool (not shown) which locates in the 
locating holes 61. As the plug 50 is rotated the threaded surface 54 of the 
plug 50 marries with the internal thread of the locking nut 102. The outer 
faces of the nut 102 contact the inner surfaces of the triangular recess 19 
10 such that the recess 19 prevents the nut 102 from rotating as the first end 

51 and threaded surface 54 of the plug 50 are threaded through. The lip 
60 of the plug 50 has a larger diameter than the bore 17. Consequently, 
once the abutment surface 62 of the lip 60 comes into contact with the 
base 12, the plug 50 cannot be threaded any further through the nut 102. 

15 At this point, a washer 104 and circlip 106 are fitted to the first end 51 of 
the plug 50 so that the nut 102 cannot work itself loose. The circlip 106 
locates in the groove 59 provided at the first end 51 of the plug 50. The O- 
ring seal 57 located in the cylindrical portion 53 of the plug 50 ensures a 
sealing fit between the plug 50 and the bore 17. 

20 

As can be seen in Figure 5, once the plug 50 is axially and concentrically 
located in the bore 17, the conical portion 55 of the plug 50 lies between 
the throat portion 49 and outlet 48 of the bore 46 in the funnel 30. 
Consequently, the inner surface of the bore 46 and outer surface of the 

25 plug 50 now define a second fluid passage 90. The inlet 47 of the funnel 
bore 46 acts as the inlet of the second fluid passage 90, with the second 
fluid passage having a throat portion 92 adjacent the throat 49 of the bore 
46, and an outlet 94 adjacent the respective second ends 42,52 of the 
funnel 30 and plug 50. As a result of the previously mentioned variations 

30 in the diameter of the bore 46 and the outward taper of the conical portion 
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55 of the plug 50, the second fluid passage 90 has a convergent-divergent 
internal geometry. In other words, the cross-sectional area of the throat 
portion 92 of the passage 90 is considerably smaller than that of the inlet 
47 and the outlet 94. The cross sectional area of the passage 90 at the 
5 outlet 94 is greater than that at the throat portion 92, but less than that at 
the inlet 47. The total volume of the second fluid passage 90 from inlet 47 
to outlet 94 may be between 24300mm 3 and 25500mm 3 . 

Once the plug 50 has been fixed to the base 12, the inspection port 39 can 
10 be used to measure the axial distance between the top surface of the 

annular projection 22 and the remote second ends 42, 52 of the funnel 30 
and plug 50. This ensures that the base 12, funnel 30 and plug 50 are all 
correctly positioned relative to one another. At the same time, measuring 
instruments can be used to check the gap between the funnel 30 and plug 
15 50 which forms the second fluid passage 90. 

Once the measurement and positioning checks have been completed, the 
temporary locking ring can be removed and replaced with the cover 70. 
The cover 70 is axially placed on the base 12 such that the abutment 71 

20 contacts the flange portion 32 of the funnel 30, and the cover is then 

concentric with the other components and the axis L. This sandwiches the 
flange portion 32 between the base 12 and cover 70, holding the base 12 
and funnel 30 against one another. At the same time, the O-ring seal 28 
ensures a sealing fit between the base 12 and cover 70. The cover 70 is 

25 aligned with the base 12 so that the threaded apertures 88 align with the 
apertures 21 in the base 12. A plurality of fixing screws 108 are then 
tightened into the threaded apertures 88 via the apertures 21 in the base 
12. Once the screws 108 are fully tightened the heads of the screws 108 
are at least flush with the rear face 14. A number of blind mounting holes 
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110 with internal threads are also provided on the rear face 14 of the base 
12 for attaching the apparatus to a suitable mounting skid or the like. 

As best seen in Figure 5, once the cover 70 is successfully fitted, the 
5 second inner surface 75 of the cover 70 and the outer surface 37 of the 
funnel 30 define a first fluid passage 80 having an inlet 82 and an outlet 
84. The inlet 82 is in fluid communication with the first fluid inlet 18 and 
first fluid passage 38. Due to the contours of the second inner surface 75 
and outer surface 37 the first fluid passage 80 has a divergent-convergent 

10 internal geometry. In other words, the cross sectional area of a portion of 
the first fluid passage 80 intermediate the inlet 82 and outlet 84 is greater 
than the cross sectional area at either the inlet 82 or outlet 84. The cross 
sectional area of the first fluid passage 80 progressively reduces following 
the intermediate portion. The total volume of the first fluid passage 80 

15 from inlet 82 to outlet 84 may be between 119000mm 3 and 121500mm 3 . 

Figure 7 shows a detail view of the respective outlets 84, 94 of the first 
and second fluid passages 80, 90. Once the various components are 
correctly assembled, the outlet 94 of the second fluid passage 90 is 
20 defined between the second ends 52, 42 of the plug 50 and funnel 30. 

The outlet 84 of the first fluid passage 80 is defined between the second 
end 42 of the funnel 30 and the inner surface 78 of the lip 76. 

Figure 12 is a schematic representation of a decontaminating system 100, 
25 which includes a mist generating apparatus 10 of the type shown in 
Figures 1 to 5. 

The system 100 comprises a decontaminant fluid reservoir 152 which has 
an outlet 154 controlled by an outlet valve 156. The decontaminant fluid 
30 reservoir 152 may receive decontaminant fluid from a remote location via 
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a supply line 151. Downstream of the decontaminant fluid reservoir 152 is 
the mist generating apparatus 10. The outlet of the decontaminant fluid 
reservoir 152 is fluidly connected to the first fluid inlet passage 18 of the 
mist generating apparatus 10 shown in Figure 5 via a first processing line 
5 158. Although not illustrated, the system 100 may also include one or 

more decontaminant preparation means for preparing the decontaminant 
fluid, e.g. the decontaminant preparation means may include a mixer 
system for mixing decontaminant in, for example, the form of a powder, 
into a solution. 

10 

If necessary, a pump or a compressor drawing air from the atmosphere 
may be provided on the first processing line 158 to pump or transfer the 
decontaminant fluid from the decontaminant fluid reservoir 152 to the mist 
generating apparatus 10. The valve 156 in the system 100, as well as the 

15 pump, or compressor, if present, may be controlled by a programmable 
system controller (not shown). It should also be appreciated that the 
decontaminant fluid reservoir 152 may also be pressurised by a 
compressor, or the like, or held under pressure, such that the 
decontaminant fluid may be transferred to the mist generating apparatus 

20 10 by controlling the operation of the valve 156. 

Although not illustrated, the system 100 may further comprise pressure 
regulation means for regulating the pressure of the decontaminant fluid in 
the decontaminant fluid reservoir 152 and/or flow rate regulation means for 
25 regulating the flow rate of the decontaminant fluid between the 

decontaminant fluid reservoir 152 to the mist generating apparatus 10. 

Also shown in Figure 12 is a transport fluid supply 160 (an example of a 
transport fluid source), which is connected to the second fluid inlet 
30 passage 20 of the mist generating apparatus 10 via a transport fluid 
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supply line 162. A supply valve 163 controls the flow of the transport fluid 
from the supply 160. 

If necessary, a pump or a compressor drawing air from the atmosphere 
5 may be provided on the transport fluid supply line 162 to pump the 

transport fluid from the transport fluid supply 160 to the mist generating 
apparatus 10. The valve 163 in the system 100, as well as the pump, or 
compressor, if present, may be controlled by a programmable system 
controller (not shown). It should also be appreciated that the transport 
10 fluid supply 160 may also be pressurised by a compressor, or the like, or 
held under pressure, such that the transport fluid may be transferred to the 
mist generating apparatus 10 by controlling the operation of the valve 163. 

Although not illustrated, the system 100 may further comprise pressure 
15 regulation means for regulating the pressure of the transport fluid in the 
transport fluid supply 160 and/or flow rate regulation means for regulating 
the flow rate of the transport fluid between the transport fluid supply 160 to 
the mist generating apparatus 10. 

20 The system 100 may also further comprise a power supply (not illustrated), 
such that the system 100 can operate as a "stand-alone" system. 

The system 100 may also include a frame (not illustrated) on which the 
various components of the system 100 can be mounted. The frame may 

25 also include ground engaging wheel means and vehicle engaging means, 
such as a tow bar, such that the frame may be towed by a vehicle. The 
ground engaging wheel means may be operable remotely, thus allowing a 
user to be positioned a "safe" distance from the system 100. The 
dimensions of the frame (and components) are such that the system 100 

30 is portable. For example, the frame could be sized to match a 
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conventional pallet, such that the system 100 could be transported by a 
fork lift truck, or the like. 

Although not illustrated, the system 100 may comprise a plurality of mist 
5 generating apparatuses. The plurality of mist generating apparatuses may 
be connected in series and/or in parallel to form an array. Furthermore, 
the system may be configured such that the apparatuses are moveable so 
that the nozzles may be arranged and positioned to suit a particular 
decontamination requirement. 

10 

The system may further comprise remote operating means (not shown) 
such that the mist generating apparatus, or apparatuses, may be operated 
and controlled remotely. This would allow the system 100 to be operated, 
for example, by a user at a "safe" distance from the system 100. 

15 

The system may further comprise one or more sensors (not shown) for 
automatically operating the system 100. The sensors could be configured 
to turn the system 100 "on" when one or more predetermined operating 
conditions are detected, such as when the sensors detect a 
20 decontaminant in the atmosphere. The sensors could, for example, be 
configured to open both decontaminant fluid and transport fluid valves 
when a decontaminant is detected in the atmosphere. 

The process carried out by the system 100 will now be described, with 
25 reference to Figures 8a and 8b. Initially, supplies of decontaminant fluid 
and transport fluid are connected to the respective first and second fluid 
inlets 18, 20. Examples of decontaminant fluid may be a bleach or a 
biocide. Such decontaminants may be used in the cleaning of hospitals, 
or dealing with bio threats. Alternatively, the contaminants could be 
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chemicals, in which case the decoritaminants would be chemical 
neutralising formulations. 

The decontaminant fluid is preferably introduced at a mass flow rate of 
5 between 0.5kg/min and 20kg/min at the first fluid inlet 18. The transport 
fluid is preferably a gas such as compressed air, steam, nitrogen or 
helium, for example. The transport fluid is preferably introduced to the 
second fluid inlet 20 at a pressure of between 4bar and 18bar. The 
decontaminant fluid passes through the first fluid passage 80 which 
10 narrows considerably in the direction of its outlet 84. As a result of this 
narrow gap at the outlet 84, the first fluid ejects out of the outlet 84 as a 
thin annulus of first fluid, initially following a path represented in Figure 8a 
by the dotted line 120. The initial path of the decontaminant fluid 120 is 
substantially parallel to the inner surface 78 of the lip 76. 

15 

Due to the reduction and subsequent increase in the cross sectional area 
of the second fluid passage 90 between its inlet 47, throat 92 and outlet 94 
the transport fluid entering the inlet 47 is accelerated to sonic and 
preferably supersonic velocities as it exits the outlet 94. 

20 

The decontaminant fluid and the transport fluid may be provided to the 
apparatus 10 in a decontaminant fluid-to-transport fluid mass flow ratio 
ranging from about 1 :1 to about 4:1 . 

25 The angle of the second fluid passage 90 is such that the accelerated 

transport fluid stream, whose initial trajectory is shown as dotted line 122 
in Figure 8a, exits the outlet 94 and interacts with the annulus of 
decontaminant fluid issuing from the outlet 84. The angle of incidence 
between the decontaminant fluid and transport fluid streams 120, 122 is 

30 shown in Figure 8a as angle a. 
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Figure 8b shows schematically how an equivalent angle of expansion for 
the second fluid passage can be calculated when the cross sectional 
areas of the throat and outlet, and the equivalent path distance between 
5 the throat and outlet are known. E1 is the radius of a circle having the 

same cross sectional area as the throat of the second fluid passage. E2 is 
the radius of a circle having the same cross sectional area as the outlet of 
the second fluid passage. The distance d is the equivalent path distance 
between the throat and the outlet. An angle p is calculated by drawing a 

10 line through the top of E2 and E1 which intersects a continuation of the 
equivalent distance line d. This angle p can either be measured from a 
scale drawing or else calculated from trigonometry using the radii E1, E2 
and the distance d. The equivalent angle of expansion y for the second 
fluid passage can then be calculated by multiplying the angle p by a factor 

15 of two, where y=2p. 

For optimum performance of the apparatus 10, it has been found that the 
cross sectional area of the throat portion 92 of the second fluid passage 
90 should preferably be between 20mm 2 and 35mm 2 . The cross sectional 

20 area at the outlet 94 of the second fluid passage may be between 1.1 and 
28 times larger than that of the throat portion 92, such that the area ratio 
between the throat 92 and outlet 94 of the second fluid passage 90 may 
be between 10:11 and 1 :28. The cross sectional area at the outlet 94 of 
the second fluid passage may most preferably be between 1 .4 and 5.5 

25 times larger than that of the throat portion 92, such that the area ratio 
between the throat 92 and outlet 94 of the second fluid passage 90 is 
therefore most preferably between 5:7 and 2:1 1 . This increase in cross 
sectional area between the throat portion 92 and outlet 94 creates an 
equivalent included angle of expansion yfor the second fluid passage 90 

30 of between 1 and 40 degrees, and an angle y which is most preferably 
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between 2 and 13 degrees. Furthermore, the cross sectional area of the 
second fluid passage outlet 94 may be between 0.3 and 12 times larger 
than the cross sectional area of the first fluid passage outlet 84, such that 
the area ratio between the first fluid outlet 84 and second fluid outlet 94 is 
5 therefore between 10:3 and 1:12. The cross sectional area of the second 
fluid passage outlet 94 is most preferably between 1 and 6 times larger 
than the cross sectional area of the first fluid passage outlet 84, such that 
the area ratio between the first fluid outlet 84 and second fluid outlet 94 is 
therefore most preferably between 1:1 and 1:6. 

10 

The stream of transport fluid 122 coming into contact with the stream of 
decontaminant fluid 120 causes shear stripping of droplets from the 
annulus of decontaminant fluid 120 due to Kelvin-Helmholtz and Raleigh- 
Taylor instabilities on the decontaminant fluid surface. These instabilities 

15 cause ligaments of the decontaminant fluid to break off from the annulus 
and form dispersed droplet flow regime, thus atomising the decontaminant 
fluid. A dispersed droplet flow regime is considered to be a dispersed 
phase of decontaminant droplets in a continuous phase of transport fluid. 
As the droplets are torn from the decontaminant fluid stream 120 they are 

20 accelerated by the transport fluid, causing further shear break-up. 

The transport fluid creates a turbulent region 124 as it moves away from 
the apparatus 10 and may have sufficient energy to induce low velocity air 
currents capable of transporting the droplets of decontaminant fluid 

25 through the surrounding space, preferably in a homogenous manner. This 
turbulent region 124 is caused by rapid changes in the pressure and 
velocity of the transport fluid generating numerous unsteady vortices and a 
swirling of the transport fluid. The turbulent region 124 applies 
acceleration and deceleration forces on the droplets, leading to a further 

30 atomisation of the droplets being carried by the transport fluid. This 
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atomisation mechanism can be controlled by, amongst other things, 
controlling the momentum flux ratio between the decontaminant fluid and 
transport fluid. 



The momentum flux ratio M is defined by the equation 

\PfXu7) 



where p = Fluid density 

U = Fluid velocity 
10 t represents transport fluid 

d represents decontaminant fluid 

Thus, the momentum flux ratio between the decontaminant fluid and 
transport fluid can be controlled by varying the density or velocity of the 
15 decontaminant fluid and/or transport fluid. The velocity can be varied by 
adjusting the feed pressure while the density can be varied by changing 
the temperature of the fluid. 



As most clearly shown in Figure 8a, the decontaminant fluid and transport 
20 fluid streams 120, 122 issuing from their respective outlets 84, 94 are 
angled relative to one another at an angle of incidence a. The angle of 
incidence a is the angle between the initial trajectories of the streams 120, 
122, shown as dotted lines in Figure 8a. These initial trajectories are 
dictated by the inner wall 43 of the first fluid passage 80 and the outer wall 
25 45 of the second fluid passage 90 at their respective outlets 84, 94. Thus, 
to obtain an angle of incidence in a desired range, the angle between 
these passage walls 43, 45 at the first and second fluid outlets 84, 94 
should be in the same range. In the embodiment illustrated, both the inner 
first passage wall 43 and outer second passage wall 45 are defined by the 



WO 2009/060242 



PCT/GB2008/051042 



33 

funnel 30, as best seen in Figure 2. The angle of incidence a causes the 
transport fluid stream 122 to impinge on the annulus forming the 
decontaminant fluid stream 120. The angle of incidence a is less than 90 
degrees, and preferably between 5 and 30 degrees. Most preferably, the 
5 angle of incidence a is between 10 and 20 degrees. 

The inner surface 78 of the lip 76 ensures that larger droplets torn from the 
decontaminant fluid stream 120 that could be projected away from the 
longitudinal axis L of the apparatus by the transport fluid stream 122 are 
10 prevented from doing so. Furthermore, droplets held against the inner 
surface 78 of the lip 76 are more easily atomised as they are subject to 
both the force of the transport fluid and the friction forces from the inner 
surface 78. 

15 The ability of the decontaminant fluid to form the desired thin annulus is a 
function of the first fluid passage 80. Shown in Figure 1 1 is detailed cross- 
sectional view of the first fluid passage 80. The profile of the passage 80 
can be defined by a curve that is a function of the three critical areas: (i) 
the inlet area A1 at the inlet area of the passage 80; (ii) the outlet area A3 

20 at the outlet area of the passage 80; and (iii) the maximum intermediate 
area A3 between the inlet area A1 and the outlet area A3. Each of the 
critical areas A1, A2, A3 define an area coaxially disposed along the 
central fluid path FP of the passage 80. The areas A1 , A2 and A3 are 
separated from one another along the path FP by a first fluid path distance 

25 L1 between areas A1 and A2 and a second fluid path distance L2 between 
areas A2 and A3. 

Using the radii of the critical areas, A1, A2 and A3, the angular rate of 
change in radii from one area to the next adjacent can be determined by 
30 their trigonometric relationship. The radii increases from the inlet area A1 
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to the intermediate area A2. In the preferred embodiment, the ratio of the 
radii of the areas A1 to A2 can be about 1 : 1 to 1 :50 is preferably about 1 :1 
to 1 :5 and is more preferably about 1 :1 .5, so as to define an angular 
change between the radii from A1 to A2 of about 83° degrees (82.7°). The 
5 radii increases from the outlet area A3 to the intermediate area A2. In the 
preferred embodiment, the ratio of the radii of the areas A3 to A2 can be 
about 1:50 to 1:400 and is preferably about 1:100 to 1:300 and is more 
preferably about 1 :278, so as to define an angular change between the 
radii from A3 to A1 of about 84° degrees (83.6°). 

10 

The profile of the passage 80 is preferably smooth. Smoothness can be 
defined as the angular spacing between adjacent discrete segments which 
can approximate the surface profile. Referring to Figure 1 1 A, shown is a 
detailed view of the wall profile of the passage 80 has been broken up into 

15 discrete segments and the angle of change between each segment is 
measured. The discrete segments are each about 1 percent of the fluid 
path FP length. In a surface profile is smooth, then there is a small 
angular change from one segment to the next having a maximum change 
of about 90°, preferably a maximum of 45°, even more preferably a max of 

20 45°, and is yet even more preferably less than 30 degrees. In contrast, if 
there is a sudden step in the profile, then the angular change is greater. In 
the preferred embodiment of the atomizer, the segmented profile of the 
passage 80 has a maximum angular change that is less than 30 degrees. 
More specifically, the surface of the passage 80 defined by the inner 

25 surface of the cover has a maximum angular change between adjacent 
segments of about 27° Degrees. The surface of the passage 80 defined 
by the outer surface of the funnel has a maximum angular change 
between adjacent segments of about 4.5° Degrees. 
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The system 100 is therefore capable of generating a decontaminating mist 
which is, for example, be suitable for decontaminating a person, object, 
area or volume. 

5 The atomisation mechanism of the present invention is capable of 

atomising the decontaminant fluid into a mist in which a large proportion, 
preferably greater than 80%, more preferably 90%, of the decontaminant 
droplets, range in size from about 1 micron to about 10 microns and more 
preferably ranging from about 1 micron to about 5 microns. 

10 

Furthermore, under test conditions, the applicant supplied a 
decontaminant fluid at a flow rate of 13 litres per minute and the amount of 
decontaminant deposited on a "visible" surface (i.e. surface visible by 
direct line of sight from the apparatus) was 31 .2 mg/cm 2 . The amount of 

15 decontaminant deposited on a "non-visible" surface was 4 mg/cm 2 . These 
figures are based on a fill time of 10 minutes and a dwell time of 3 
minutes. For a decontaminant fluid flow rate of 0.5 litres per minute, the 
amount of decontaminant deposited on a "visible" surface (i.e. surface 
visible by direct line of sight from the apparatus) was 6.1 mg/cm 2 . The 

20 amount of decontaminant deposited on a "non-visible" surface was 4.5 

mg/cm 2 . These figures are based on a fill time of 10 minutes and a dwell 
time of 20 minutes. The wording "non-visible" should be interpreted as 
meaning not within the line of sight from the fluid outlet of the apparatus. 

25 The suspension time of the decontaminant mist generated by the system 
100 may be up to 30 minutes or more, depending on ambient conditions. 

The operation of the system 100 is adjustable and controllable, such that 
all the parameters and performance figures detailed above can be varied 
30 depending on the operational requirements of the system 100. 



WO 2009/060242 



PCT/GB2008/051042 



36 



The decontaminant mist generated by the system 100 decontaminates by 
any of the following mechanisms (i) Nucleation Precipitation, where the 
decontaminant droplets and the contaminant particles stick together, thus 
5 increasing the mass which results in the contaminant dropping out of the 
atmosphere; (ii) Chemical Neutralisation, where a chemical reaction takes 
place between the decontaminant droplets and the contaminant particles, 
thus neutralising the contaminant; and (iii) Solution Precipitation, where 
the decontaminant droplets collide with the contaminant particles, thus 
10 creating a solution of increased mass, which results in the contaminant 

dropping out of the atmosphere. Due to the high density and high number 
of dispersed droplets and the turbulent nature of the decontaminant mist, 
the system is capable of maximising the number of collisions between 
decontaminant and contaminant. 

15 

Figures 9 and 10 show views of an alternative embodiment of a mist- 
generating apparatus 100'. The alternative embodiment of the apparatus, 
generally designated 100', shares a number of components with the 
previously described embodiment and atomises the first fluid in the same 

20 manner as described above. However, the alternative embodiment does 
also have a number of differences from the first embodiment. Most 
noticeably, the second end 74' of the cover 70' does not have a protruding 
lip. The second end 74' is therefore adjacent the first and second fluid 
outlets 84', 94'. The funnel 30' of this alternative embodiment does not 

25 have a radially projecting flange portion which is sandwiched between the 
cover 70' and the base 12'. Instead, the funnel 30' is secured directly to 
the base 12' by a number of fixing screws (not shown). Additionally, 
instead of being secured together by screw fixings the cover 70' has an 
internal thread on its inner surface 73' which cooperates with an external 

30 thread on the outer surface 26' of the base 12'. The cover 70' can 
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therefore be threaded onto the base 12', and turning the cover 70' relative 
to the base 12' will adjust the axial distance between the cover 70' and 
both the base 12' and the funnel 30' directly secured to the base 12'. 

5 As seen best in Figure 10, the first fluid outlet 84' has been adapted in 
several ways in the alternative embodiment. Firstly, the width of the gap 
between the second ends 42', 74' of the funnel 30' and cover 70' which 
forms the first fluid outlet 84' has been increased. Increasing the gap 
widens the first fluid outlet 84' and reduces the exit velocity of the 

10 decontaminant fluid for the same flow rate condition. Secondly, as the 

axial distance between the cover 70' and the funnel 30' can be adjusted in 
this embodiment, the angle of projection and exit velocity of the 
decontaminant fluid can also be adjusted. Adjusting the axial position of 
the cover 70' relative to the base 12' and funnel 30' adjusts the relative 

15 axial positions of the second end 74' of the cover 70' and the second end 
42' of the funnel 30', both of which define the first fluid outlet 84'. The 
adjustment of these components therefore also adjusts the gap size of the 
first fluid outlet 84' and initial path 120' of the decontaminant fluid stream 
as it exits through the first fluid outlet 84'. As a result, the more the cover 

20 70' is screwed onto the base 12' the more the initial path of the 

decontaminant fluid stream 120' issuing from the outlet 84' will diverge 
from the longitudinal axis L' of the apparatus 100'. In the first 
embodiment, the angle of projection was substantially parallel with the 
longitudinal axis of the apparatus. The variation in the angle of projection 

25 also reduces the angle of incidence a' between the first and second fluid 
streams 120', 122' issuing from their respective outlets 84', 94'. 

The plug 50' in the alternative embodiment has a longer threaded surface 
54' and no lip portion limiting its axial position relative to the base 12'. The 
30 bore 17' in the base 12' has an internal thread which engages the 
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threaded surface 54' of the plug 50'. As a result, the axial position of the 
plug 50' relative to the base 12' and the other main components can be 
adjusted depending upon the amount that the plug 50' is screwed into the 
base 12'. This also allows the width of the second fluid passage 90' and 
5 outlet 94' to be adjusted, as the position of the plug 50' can be adjusted 
relative to the funnel 30'. Consequently, the adjustment of the plug 50' 
also adjusts the area ratio between the throat and outlet of the second 
fluid passage, as well as the equivalent angle of expansion of the second 
fluid passage. Once the plug 50' has been positioned such that the area 
10 ratio between the first and second outlets and the equivalent angle of 

expansion y are within the ranges set forth above, a lock nut 102' is fitted 
over the first end 51 ' of the plug 50' protruding from the rear face 14' of the 
base 12'. 

15 The mist generating apparatus has a single supply channel for each of the 
decontaminant and transport fluids. The supply channels are substantially 
parallel with the longitudinal axis of the apparatus, thereby reducing the 
supply pressures needed to supply the fluids. Having single supply 
channels for each fluid which are substantially parallel to the longitudinal 

20 axis of the apparatus allows the apparatus and supply lines to be more 
easily manufactured, assembled and installed on a mounting skid or the 
like, in comparison to mist generators which have one or more supply 
channels which enter the apparatus perpendicular to the longitudinal axis. 

25 The geometry of the fluid passages and their respective outlets also 

provides the present invention with improved performance compared with 
existing mist generators in terms of efficiency (the amount of transport fluid 
used to atomise the decontaminant fluid) and the degree of atomisation of 
the decontaminant fluid. Specifically, the area ratio between the first and 

30 second fluid outlets, and the angle of incidence between the two streams 
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of the fluid exiting the outlets improve atomisation performance in the 
present invention. By providing an area ratio between the respective 
outlets as detailed above, the present invention provides a thin film sheet 
of decontaminant fluid which can be atomised more efficiently by the 
5 transport fluid. The smaller exit area of the first fluid outlet also increases 
the exit velocity of the decontaminant fluid, which in itself can lead to a 
degree of atomisation of the decontaminant fluid as it exits the apparatus. 
Providing an angle of incidence between the two streams which falls within 
the ranges detailed above provides improved atomisation of the 

10 decontaminant fluid (in terms of droplet size and droplet distribution) whilst 
reducing the risk of the atomised decontaminant fluid droplets coalescing 
together again. The greater the angle of incidence between the streams, 
the greater the initial momentum transfer from the transport fluid to the 
decontaminant fluid. However, a large angle of incidence also can lead to 

15 the decontaminant fluid film sheet converging when it comes into contact 
with the transport fluid stream, increasing the risk that some of the 
atomised decontaminant fluid droplets will coalesce back together. 

Using the transport fluid stream to create a turbulent region outside the 
20 apparatus ensures further atomisation of the decontaminant fluid, again 

improving the atomisation performance of the present invention. Thus, the 
present invention provides process and system for generating a 
decontaminating mist which (i) generates a mist with the desired 
decontaminant droplet size, and (ii) generates turbulence in the protection 
25 space for substantially homogenous distribution of the decontaminant 
droplets throughout the volume of the surrounding space. 

Due to size of decontaminant particle produced in the mist and the method 
of producing the mist, the present invention is capable of defeating 
30 airborne contaminants and surface contaminants. The method of 



WO 2009/060242 



PCT/GB2008/051042 



40 



generating the mist (particularly the turbulence created) means that the 
decontaminating mist is capable of impinging upon complex surfaces, 
including "non-visible" surfaces. Since the system is capable of covering 
far greater surface areas than conventional systems, the present invention 
5 reduces the amount of decontaminant chemical which has to be used in 
the system. This reduction can be up to 80% over conventional systems. 
This reduces the cost involved in the decontamination process. 
Furthermore, as the decontaminant is created in the form of a mist instead 
of a liquid, there is less "water damage" caused to equipment in the 

10 decontamination area, such as computers, or the like. Also, since the 

decontaminant is in the form of a mist, there are no large amounts of fluid 
etc. to clean after decontamination process. Also the system and method 
of the invention provide a more efficient decontamination process, as the 
decontaminant mist is generated in a quick and thorough manner, which 

15 means that the decontamination takes less time than conventional 

methods. As an example, for a room with a volume of approximately 
280m 3 the system, operating with a decontaminant fluid-to-transport fluid 
mass flow ratio of 3:1, will make the room visually dense in approximately 
60 to 90 seconds. 

20 

The method in which the apparatus is assembled also has benefits. The 
base, funnel, plug and cover are all assembled concentrically in such a 
way that the gaps defining the fluid passages and outlets between the 
components are consistent along the length and around the circumference 
25 of the apparatus. Furthermore, as each of the funnel, plug and cover are 
attached or mounted to the base plate, the components have a common 
reference point. This ensures that tolerance errors are minimised instead 
of being multiplied, as is often the case in prior art assemblies where the 
components are assembled together without a common reference. 



30 
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The cover member having the axially projecting lip prevents damage to the 
funnel and plug if the apparatus is dropped. The relative positions of 
these components, and hence the geometry of the first and second 
passages, is therefore protected. Additionally, the inner surface of the lip 
5 ensures that the apparatus has directionality, i.e. the atomised droplets 
can be directed towards a chosen location. Furthermore, droplets held 
against the inner surface of the lip are more easily atomised as they are 
subject to both the force of the transport fluid and the friction forces from 
the inner surface. However, it should be understood that this embodiment 
10 may alternatively have a lip which projects a relatively short distance, e.g. 

a few millimetres, or the lip may be omitted from the embodiment. In these 
instances, the atomising process described above will take place 
substantially outside of the mist-generating apparatus. 

15 In the embodiment where the cover member has no projecting lip, there is 
no radial constriction of the fluid streams. Therefore the streams are 
allowed to expand radially away from the longitudinal axis L of the 
apparatus at an earlier stage than they would if there was a lip present. 
This creates a greater degree of turbulence in the transport fluid, which 

20 can enhance the atomisation of the decontaminant fluid. Additionally, the 
resulting mist plume has a wider spread, which can be beneficial in a 
situation where the apparatus is to fill a particular volume with the mist as 
opposed to directing the plume towards a specific location. 

25 One or more of the fixing screws used in the assembly of the apparatus 

may be replaced with an alternative mechanical fixture where appropriate. 
Suitable examples include fixing bolts, clamps, or a combination thereof. 
One or more of the mechanical fixtures may be a tamper proof or tamper 
evident fixture in order to either prevent or highlight disassembly of the 

30 apparatus following installation. 
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Instead of using a threaded arrangement as in the alternative 
embodiment, the adjustment of the axial position of the cover relative to 
the base may alternatively be achieved by inserting shims between the 
5 two components and then tightening the two components together using 
mechanical fixtures in the same manner as that of the first embodiment. 

Whilst it is preferred that the apparatus is formed in the manner described 
from a base, funnel, plug and cover member, it should be recognised that 

10 the apparatus is not limited to the formation of the various fluid channels 
and passages using these specific components. The desired fluid 
channels and passages may be created within the apparatus in an 
alternative manner to that described. For example, the channels and 
passages may be formed by drilling the apparatus, or else by casting the 

15 apparatus with the channels and passages formed therein. 

Although the apparatus is preferably manufactured from stainless steel, 
alternative materials sharing the same properties may also be used 
instead. The primary requirements of the material are resistance to 
20 corrosion, chemicals and wear. It is also preferable that the material is 
easily machined or formed, and relatively inexpensive. Possible 
alternative materials include metals such as aluminium and brass, and 
metal alloys such as tungsten. Plastics or ceramic materials having the 
aforementioned properties may also be used. 

25 

While the transport fluid is preferably a gas, it is not to be considered as 
limited to the examples of gas given in the foregoing disclosure. Other 
compressible fluids having similar properties to the gases disclosed may 
also be used without affecting the manner of operation of the present 
30 invention. The transport fluid should preferably be easily obtainable, 
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relatively inexpensive and non-corrosive. It may also be beneficial to use 
a transport fluid which has the additional benefits of being generated on 
site (e.g. via a compressor). 

5 Although the system has been described above as being portable, it 
should be appreciated that the system could be fixed permanently to a 
structure, outdoor area, building or the like. The system could, for 
example, be built into a building during construction in a similar manner to 
a fire sprinkler system. The system could also be retro-fitted to any 
10 existing structures, areas, buildings etc. or formed as a separate 

decontamination room or enclosure. Furthermore, the system could also 
be incorporated into a transportable temporary installation, such as a tent 
etc. For example, the system could be incorporated into a tent, or the like, 
for decontaminating vehicles. 

15 

Although the first fluid passage is illustrated and described above as 
having an intermediate portion located between the first fluid inlet and the 
first fluid outlet which has a cross sectional area which is larger than that 
of either the first fluid inlet or the first fluid outlet, it should be appreciated 
20 that the first fluid passage may have a cross sectional area which 
converges between the first fluid inlet and the first fluid outlet. 

It should also be appreciated that the term atomised does not necessarily 
mean that the decontaminant fluid is fully atomised, it should be 
25 appreciated that the decontaminant fluid may be at least partially 
atomised, i.e. where the decontaminant fluid is not fully atomised. 

These and other modifications and improvements may be incorporated 
without departing from the scope of the invention. 
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Claims 

1 . A decontaminating system comprising: 

a decontaminant reservoir; 
5 a transport fluid source; and 

a mist generating apparatus having a longitudinal axis, the 
apparatus comprising: 

a first fluid passage having a first fluid inlet in fluid communication 
with the decontaminant reservoir and a first fluid outlet; 
10 a second fluid passage having a second fluid inlet in fluid 

communication with the transport fluid source and a second fluid outlet, 

wherein the first fluid passage surrounds the second fluid passage, 
and the first and second outlets are oriented relative to one another such 
that they have an angle of incidence between 5 and 30 degrees; and 
15 the second fluid passage includes a throat portion located between 

the second fluid inlet and the second fluid outlet, the throat portion having 
a smaller cross sectional area than that of either the second fluid inlet or 
second fluid outlet. 

20 2. The system of claim 1 , wherein the area ratio between the throat 
portion and the second fluid outlet is between 2:3 and 1:4. 

3. The system of claim 1 or claim 2, wherein the first and second 
passages are coaxial with the longitudinal axis of the apparatus. 

25 

4. The system of any preceding claim, wherein the first fluid passage 
includes an intermediate portion located between the first fluid inlet and 
the first fluid outlet, the intermediate portion having a cross sectional area 
which is larger than that of either the first fluid inlet or the first fluid outlet. 

30 
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5. The system of any preceding claim, wherein the mist generating 
apparatus further comprises a first fluid supply channel having a first end 
adapted to be connected to the decontaminant reservoir and a second end 
connected to the first fluid inlet, and a second fluid supply channel having 
5 a first end adapted to be connected to the transport fluid source and a 
second end connected to the second fluid inlet, wherein the first and 
second supply channels are substantially parallel to the longitudinal axis of 
the apparatus. 

10 6. The system of claim 5, wherein the mist generating apparatus 
comprises a base member that contains the first and second supply 
channels. 

7. The system of claim 6, wherein the mist generating apparatus 
15 further comprises a funnel member and an elongate plug member, 

wherein the funnel member has a bore and is adapted to coaxially locate 
upon the base such that the bore communicates with the second fluid 
supply channel, and wherein the plug member is adapted to be attached 
to the base member such that a portion of the plug lies within the bore and 
20 the second fluid passage is defined between the funnel and the plug. 

8. The system of claim 7, wherein the mist generating apparatus 
further comprises a cover member which encloses the base member, the 
funnel member and the plug member such that the first fluid passage is 

25 defined between an outer surface of the funnel and an inner surface of the 
cover member. 

9. The system of claim 8, wherein the cover member has a first end 
adapted to coaxially locate upon the base member and be attached 
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thereto, and a second end having an outlet adapted to communicate with 
the first and second fluid outlets. 

10. The system of claim 9, wherein the second end of the cover 
5 includes an axially projecting lip portion, the lip portion defining an 

aperture in communication with the first and second fluid outlets. 

1 1 . The system of any of claims 8 to 10, wherein the plug member has 
a first end which attaches to the base member and a second end which 

10 defines the second fluid passage, wherein the second end is concave. 

12. The system of any of claims 8 to 11, wherein the funnel member 
includes a radially projecting flange portion, wherein the flange portion is 
sandwiched between the base member and the cover member to maintain 

15 the axial position of the funnel member relative to the base member. 

13. The system of claim 8, wherein the axial position of the cover 
member may be adjusted relative to the base member. 

20 14. The system of claim 7, wherein the plug member is threaded onto 
the base such that the axial position of the plug member may be adjusted 
relative to the base and the funnel member. 

15. A decontaminating system comprising: 
25 a decontaminant reservoir; 

a transport fluid source; and 

a mist generating apparatus having a longitudinal axis, the 
apparatus comprising: 

a first fluid passage having a first fluid inlet in fluid communication 
30 with the decontaminant reservoir and a first fluid outlet; 
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a second fluid passage having a second fluid inlet in fluid 
communication with the transport fluid source and a second fluid outlet, 

wherein the first fluid passage surrounds the second fluid passage, 
and the first and second fluid outlets are oriented relative to one another 
5 such that they have an angle of incidence of less than 90 degrees; and 

the second fluid passage includes a throat portion located between 
the second fluid inlet and the second fluid outlet, the throat portion having 
a smaller cross sectional area than that of either the second fluid inlet or 
the second fluid outlet such that the area ratio between the throat portion 
10 and the second fluid outlet is between 2:3 and 1 :4 

16. The system of claim 15, wherein the first and second passages are 
coaxial with the longitudinal axis of the apparatus. 

15 17. The system of claims 1 5 or 1 6, wherein the first fluid passage 

includes an intermediate portion located between the first fluid inlet and 
the first fluid outlet, the intermediate portion having a cross sectional area 
which is larger than that of either the first fluid inlet or the first fluid outlet. 

20 1 8. The system of any of claims 1 5 to 17, wherein the mist generating 
apparatus further comprises a first fluid supply channel having a first end 
adapted to be connected to the decontaminant reservoir and a second end 
connected to the first fluid inlet, and a second fluid supply channel having 
a first end adapted to be connected to the transport fluid source and a 

25 second end connected to the second fluid inlet, wherein the first and 

second supply channels are substantially parallel to the longitudinal axis of 
the apparatus. 
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19. The system of claim 18, wherein the mist generating apparatus 
comprises a base member that contains the first and second supply 
channels. 

5 20. The system of claim 19, wherein the mist generating apparatus 
further comprises a funnel member and an elongate plug member, 
wherein the funnel member has a bore and is adapted to coaxially locate 
upon the base such that the bore communicates with the second fluid 
supply channel, and wherein the plug member is adapted to be attached 
10 to the base member such that a portion of the plug lies within the bore and 
the second fluid passage is defined between the funnel and the plug. 

21 . The system of claim 20, wherein the mist generating apparatus 
further comprises a cover member which encloses the base member, the 

15 funnel member and the plug member such that the first fluid passage is 

defined between an outer surface of the funnel and an inner surface of the 
cover member. 

22. The system of claim 21 , wherein the cover member has a first end 
20 adapted to coaxially locate upon the base member and be attached 

thereto, and a second end having an outlet adapted to communicate with 
the first and second fluid outlets. 

23. The system of claim 22, wherein the second end of the cover 
25 includes an axially projecting lip portion, the lip portion defining an 

aperture in communication with the first and second fluid outlets. 

24. The system of any of claims 20 to 23, wherein the plug member has 
a first end which attaches to the base member and a second end which 

30 defines the second fluid passage, wherein the second end is concave. 
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25. The system of any of claims 21 to 24, wherein the funnel member 
includes a radially projecting flange portion, wherein the flange portion is 
sandwiched between the base member and the cover member to maintain 

5 the axial position of the funnel member relative to the base member. 

26. The system of claim 21 , wherein the axial position of the cover 
member may be adjusted relative to the base member. 

10 27. The system of claim 20, wherein the plug member is threaded onto 
the base such that the axial position of the plug member may be adjusted 
relative to the base and the funnel member. 

28. A method of generating a decontaminating mist, the method 
15 comprising: 

passing a decontaminant fluid through a first fluid passage of a mist 
generating apparatus, wherein the first fluid passage has a first fluid outlet; 

passing a transport fluid through a second fluid passage of the mist 
generating apparatus, wherein the second fluid passage has a second 
20 fluid outlet and a throat portion, the throat portion having a smaller cross 
sectional area than the second fluid outlet, wherein the first and second 
outlets are oriented relative to one another such that they have an angle of 
incidence between 5 and 30 degrees; 

accelerating the flow of transport fluid through the throat portion of 
25 the second fluid passage; and 

ejecting the decontaminant and transport fluids from their 
respective outlets such that a stream of accelerated transport fluid issuing 
from the second fluid outlet imparts a shear force on a stream of 
decontaminant fluid issuing from the first fluid outlet, thereby at least 
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partially atomising the decontaminant fluid to create a dispersed droplet 
flow regime. 

29. A method of generating a decontaminating mist, the method 
5 comprising: 

passing a decontaminant fluid through a first fluid passage of a mist 
generating apparatus, wherein the first fluid passage has a first fluid outlet; 

passing a transport fluid through a second fluid passage of the mist 
generating apparatus, wherein the second fluid passage has a second 

10 fluid outlet and a throat portion, the throat portion having a smaller cross 

sectional area than the second fluid outlet such that the area ratio between 
the throat portion and the second fluid outlet is between 2:3 and 1:4, 
wherein the first and second fluid outlets are oriented relative to one 
another such that they have an angle of incidence of less than 90 degrees; 

15 accelerating the flow of transport fluid through the throat portion of 

the second fluid passage; and 

ejecting the decontaminant and transport fluids from their 
respective outlets such that a stream of accelerated transport fluid issuing 
from the second fluid outlet imparts a shear force on a stream of 

20 decontaminant fluid issuing from the first fluid outlet, thereby at least 

partially atomising the decontaminant fluid to create a dispersed droplet 
flow regime. 

30. The method of claims 28 or 29, wherein the method comprises the 
25 further step of creating a turbulent region in the transport fluid downstream 

of the outlets; and passing the dispersed droplet flow regime through the 
turbulent region, thereby further atomising the dispersed droplet flow 
regime. 
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31 . The method of any of claims 28 to 30, wherein the method 
comprises the further step of controlling the momentum flux ratio between 
the decontaminant fluid and the transport fluid by varying the velocity 
and/or density of the decontaminant fluid and the transport fluid. 

5 

32. The method of any of claims 28 to 31 , wherein the method 
comprises the further step of adjusting the cross sectional area of the first 
fluid outlet in order to vary the exit velocity of the decontaminant fluid 
stream. 

10 

33. The method of claim 32, wherein the exit velocity is supersonic. 

34. A method for decontaminating an enclosed space including, 
wherein the method includes the method of any of claims 28 to 33. 

15 

35. A system for decontaminating an enclosed space, wherein the 
system includes the system of any of claims 1 to 27. 

36. A decontamination room or enclosure including a decontaminating 
20 system as claimed in any of claims 1 to 27. 



WO 2009/060242 



PCT/GB2008/051042 



1/11 




Fig. 1 



WO 2009/060242 



PCT/GB2008/051042 



2/11 




32 



Fig. 2 



WO 2009/060242 



PCT/GB2008/051042 




WO 2009/060242 



PCT/GB2008/051042 



4/11 




WO 2009/060242 



PCT/GB2008/051042 



5/11 




WO 2009/060242 



PCT/GB2008/051042 



6/11 
18 




84 



Fig. 7 



WO 2009/060242 



PCT/GB2008/051042 



7/11 




WO 2009/060242 



PCT/GB2008/051042 



8/11 





WO 2009/060242 



PCT/GB2008/051042 



9/11 




WO 2009/060242 



10/11 



PCT/GB2008/051042 




WO 2009/060242 



PCT/GB2008/051042 



11/11 



100 




Fig. 12 



INTERNATIONAL SEARCH REPORT 



A. C LAS3I FIC ATI ON OF SUBJECT MATTER 

INV. A61L2/22 B05B7/06 



B05B1/06 



International application Mo 

PCT/GB2008/051042 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum cfocu mentation searched (classification system followed by classification symbols) 

A61L B05B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


WO 2005/082546 A (PURSUIT DYNAMICS PLC 
[SB]; FENTON MARCUS BRIAN MA KHALI. [GB]; 
HEATHCOTE) 9 September 2005 (2005-09-09) 
figures 16-19,21 


1-36 


X 


WO 94/08724 A (CASEY ALAN PATRICK [AU]) 
28 April 1994 (1994-04-28) 


1-36 



A 



abstract; figures 
page 12, lines 14-23 
page 15, lines 13-21 



W0 01/76764 A (CHROBAK JULIUS [SK]) 
18 October 2001 (2001-10-18) 
cited in the application 
page 1 - page 2; claims; figure 2 

-/— 



1-36 



| X | Further documents are listed in the continuation of Box C. 


|X | See patent family annex. 


* Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

■E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
Which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 


■T' later document published after the international Wing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

a X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

B Y" document of particular relevance; the claimed Invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

document member of the same patent family 


Date of the actual completion of the international search 


Date of mailing of the international search report 


20 February 2.009 


05/03/2009 


Name and mailing address of the ISA/ 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280 HVRijswijk 
Tel. (+31-70) 340-2040, 
Fax: (+31-70) 340-3016 


Authorized officer 

Nlssen, Vagn 


Form PCT/fSA/21 0 (second sheet) (April 2005) . — 


page 1 of 2 



INTERNATIONAL SEARCH REPORT 


International application No 

PCT/GB2008/051042 


C(Contfnuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, ot the relevant passages 


Relevant to claim No. 


A 


WO 03/072952 A (PURSUIT DYNAMICS PLC [GB]; 
TODMAN MICHAEL TORR [GB]; FENTON MARCUS 
BRI) 4 September 2003 (2003-09-04) 
the whole document 




1-36 


A 


US 6 405 944 Bl (BENALIKHOUD0A KARIM [FR]) 
18 June 2002 (2002-06-18) 
the whole document 


- 


1-36 



Form FCT7IS/V21 0 (continuation ot second sheet) (April 2005) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International application No 

PCT/GB2008/051042 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




member(s) 




date 




A 


09-09-2005 


Al 1 


?flft5?l 6fiQQ 


Al 
HI 


uy— uy— diuuo 






PA 


lOODO/ o 


Al 
HI 


uy— uy— <iuuo 






FP 
c r 


1 / lOH-l O 


A 1 
Hi 


Uo— 1 1— £UUO 






IK 


lUU/ lJ.UJ.OQ 


Al 
HI 


1 9 no onn7 
io— uy— <iUU / 


WO Q408724 


A 


28-04-1994 


AT 


1 .7UOOO 


T 

1 


lO cUUU 






Rft 




A 

H 


PQ— H^— 1 QQA 






RR 




A 

H 


£.o— uo— iyyy 






PA 


£-±H f VJUO 


Al 
HI 


PQ— ft/1 — 1 QQ/l 








30UU300 


A*3 


1 9_iT2_1 QQ£ 

io uo iyyo 






DF 

L/C 




ni 

U J 


/_ / U 1- £. UUU 






DF 


AQ7pQ1 OC 

U loo 


TP 


pi _ i p— onnn 

c. J.— ic. cUUU 






FP 


UOD4/ OH 


A1 
H 1 


np— nft— i qqr 

Ut UO 1333 


■ 

■ 




F<s 




ya 

1 o 


ID UO"tUuU 






FI 


951721 


A 


01-05-1995 






HU 


72516 


A2 


28-05-1996 






j r 




RP 


11— Uo— <L\j\Jc. 






■IP 


OOU£j1UO 


T 
1 


ic uo iyyo 






NO 


951425 


A 


11-04-1995 






NZ 


256646 


A 


25-05-1996 






pi 


jUojj I 


Al 


9/1— ft7— 1 QQC 

£4— u/— iyyo 






f\U 




r l 


— uo— iyyy 






us 


5735468 


A 


07-04-1998 


WO 0176764 


A 


18-10-2001 




ilUUilO^f *f o 


A 

HO 


lo UD *_UUO 








14882 


Ul 


i p— m — pnn£ 

It Ul cUUO 






Oi\ 


5272000 


A3 


n^— 1 9— 9nni 
uo— 1^— £UU1 


WO 03072952 


A 


04-09-2003 


Al 1 


2003207347 


Al 


HQ— HQ— 9ftft*3 

uy— uy £UUo 


- 




TA 


2477568 


Al 


u*f— uy— <cuUo 






.IP 


2006504019 


T 


rip— r\0— oc\(\& 

U£— Uc £UUO 


US 6405944 


Bl 


18-06-2002 


Al I 

r\U 


760330 


B2 








AU 


9078998 A 


16-03-1999 






CA 


2301744 


Al 


04-03-1999 






DE 


69819017 


Dl 


20-11-2003 






DE 


69819017 


T2 


05-08-2004 






EP 


1007220 


Al 


14-06-2000 






ES 


2212831 


T3 


01-08-2004 






FR 


2767492 


Al 


26-02-1999 






WO 


9910104 


Al 


04-03-1999 






PT 


1007220 


T 


31-03-2004 



Form PCT/ISA/210 (patent family annex) (April 2005) 



